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The present invention relates fo the synthesis 
of hydrocarbons, oxygenated hydrocarbons, and 
the like by the catalytic reduction of carbon 
monoxide with hydrogen. 
More particularly, the prescrit invention con- 
templates the catalytic manufacture of hydro- 
carbons, particularly normally liquid hydrocar- 
bons, in the presence of an iron catalyst af e!e 
vated temperatures, usually in the range of about 
500 to 50 ° F., and preferably under elevated 
pressures. 
As hltherto proposed, the process is usua]ly ac- 
companied by sn objectionable production of by- 
product carbon dioxide. The present invention 
contemp]ates the control of carbon dioxide for- 
mation so that the carbon monoxide in the feed 
is consumed essentially in the folïnation of the 
desired prod[Icts, and contemplates a]so the con- 
tro]]ed conversion of carbon dioxide into useful 
products. 
The present invention is a contlnuation-lnpart 
of out co-pendin application, Serlal No. 
fi]eoEJanuary Ii, 194q now Patent 
issued June 6, 1950. 
In carryin out the present invention, a stream 
of reacant feed as containin carbon monoxide, 
hydroen and carbon dioxide is passed in contact 
with an iron catalyst under reaction conditions 
such that ai least about 80% or more of the car- 
bon monoxide present in the total feed as is con- 
sumed upon passse throuh the caalyst. 
We have discovered that when the total react- 
ant mixture passing in contact with the catalyst 
ai appropriate reaction temperature contains hy- 
drogen, carbon monoxide, and carbon dioxide in 
properly regulated ProPortions, the net produc- 
tion of carbon dioxide in the process is limited 
fo an economical and commercially practical level. 
We have also discovered that if is possible, by this 
regulation fo cause actual consumption of carbon 
dioxide in the reaction. Out invention resides in 
reacting feed gas of predetermined composition 
and af predetermined temperature effective to 
control carbon dioxide formation as above. 
The total feed gas supplied fo the reaction zone 
most advantageously contains as small a con- 
centration of water vaPor as possible. Vhile a 
gas free from water vapor is ideal, as a practical 
marrer the lower limit is usually determined by 
the degree oï separation commercially practicable 
when condensing and separating af temperatures 
and pressures economically available. Accord- 
ingly, the present invention paxticularly con- 
templates the use of feed gases wherein the 
mount of watçr vapor is vçry mnor, lower, in 
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any event, than about 2 mol per cent, based on 
the total mols of hydrogen, carbon monoxide and 
carbon dioxide, such minor amount being com- 
prehended within the term "substantially ïree of 
5 water vapor," as used herein. 
More specifically, the invention eontemplates 
use of feed gas compositions for which the ratio 
A of the mols of hydrogen fo the mols of carbon 
monoxide in the feed fo the reactor, the ratio G 
10 of the mo!s of carbon dioxide fo the mols of car- 
bon monoxide in the feed fo the reactor, and 
finally the absolute temperature T of the synthe- 
sis reaction, expressed in degrees Kelvin, are 
selected in such a way that the emptrical equa- 
1 tion: 
_=279.8-- (O.1548A÷O.lO75G÷O.OO1512T) --50 
possesses a  value of 15 or less, preferably less 
than 10. In the equation, e is the base of naperian 
20 logarithms, namely 2.1828 . . . 
A series of experiments has proved that the 
value of K is, in first approximation, equal t0 the 
percentage of total carbon monoxide changed into 
carbon dioxide, under synthests conditions. The 
25 value of K for any given A, G and T indicates 
fo what extent such a conversion of carbon mon- 
oxide fo carbon dioxide takes place; negative 
values of K show the extent to which the reverse 
process, namely, a conversion of carbon dioxide 
30 fo carbon monoxide, is occurring. 
Stated in another way: 
log (/f÷50) --0.1548A-- 
0.1075G--0.001512T÷looE« 279.3 
85 where K, A, G and T have the same meanings as 
defined above, and A, G and T have fo be selected 
so as to lead to values of E: smaller than 15, pref- 
erably smaller than 10. 
For example, with a feed gas composition and 
40 a reaction temperature corresponding fo a K value 
of 15, the net carbon dioxide production will 
proximate 15 per cent on the basis of the carbon 
monoxide supplied fo the reactor. Similarly when 
the fed gas composition and temperature conform 
4 to a K value of 10, the net production of carbon 
dioxide wfll be about 10 per cent, on the saine 
basis. It is usually preferred, however, fo operate 
under conditions where the value of K- is below 
about 5 whereby the net production of carbon 
O dioxide is restricted fo a corresponding low value. 
If is fo be understood that the foregoing specific 
results contemplate maintenance of a reasonably 
.-uniform temperature throughout the catalyst, 
with elimination of localized hot spots; and high 
 consumption of the carbon monoxide fed to_ the 
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reactor, preferabty substantiatly above 90 per 
cent. With a derease in percentage conversion of 
carbon monoxide or substantiat temperature vari- 
ation, the net production of carbon dioxide usualty 
tends fo increase somewhat above the optimum 
above indicated. 
When if is desired fo effect actual consump- 
tion of carbon dioxide supplied in the feed gas, 
conditions of temperature and feed gas composi- 
tion are employed such that K iï thè foregoing 
equation has a predetermined negative value. 
Negative values of K indicate the 9el.ative magni- 
rude of the actual net consumption of. carbon 
dioxide, the consumption of carbon dioxidé being 
expressed as a per cent of the carbon monoxide 
ïed fo the ïeactor. Expressing the carb0n di- 
oxide in this way permits using the same general 
formula. 
Obviously this embodiment of the invention 
of particular advantage in situations where 
Source of carbon dioxide is available .in addi- 
tion to the carbon monoxide and. hydrogen which 
comprises the typical synthesis gas. 
If is important to note that the f0regoing ré- 
lationships are effective for. optimum results 
When the feed gas comprises from about 8 to 
b0ut 26 mol per cent of carbon monoxide, 
baed upon the total mols of carbon monoxide, 
Carbon dioxide and hydrogen present in the feed 
gas, and particularly where the value of A is 
in the range between bout 2 and about 6.5, 
mqre advantageously between the Values oï about 
3 and about 5.5, and also wherein the Value 9f 
G is Within the broad range from about 1 to 
about 5, and advantageously within the pre- 
ferred range of about 2 fo about .4. In other 
words, where the constituents of..the .total feed 
gs fall within the foregoing anes the present 
invention afords a reasonab_ly pre.ci.se_ bas.$s_f0r 
control]ing the exent of carbon dioxide forma- 
tion. 
2.5, and the ?alue.of G wfll be greater than 1.5 
unless the value o£ A iS Sï)stïilt.. 5ovè 
minimum. However, as Cl.earY.çtptsh_ed .y 
t/ne empirical equation, increase in the value o 
G may permit a decrease in the value of A cr 
vie versa where eiuivalet resfltt are 
Maximum production o liquil hydi.OcrS0ns 
boiling in approximately the mo_t0r asotinë b0fl- 
tng range, usually is rdalfzëd With gn operating 
temperature in the range of _about 600-6.50°F., 
and broadly, from about 550-700 ° F., depend- 
ing upon the particular catalyst employ.ed, and 
the other conditions of operation. Fo example, 
ith ï typical iron catalyst p,omEEel.ith 
quantifies oï alumina and pot_ass!um 0.xide, 
good operating temperature may be about 625 ° 
F. under a pressure of about-200 poud Pro" 
qïlàre inch gauge. 
It is, of course, to be unders56d ht, Vïith 
the Saine catalyst, the lighter hydsCïb0ns down 
to and including the norma]ly gasëous hydrqcr- 
bsns may be Selectively and .prèdpminantlF. pro  
duced at somewhat highér temperatureS, whCe 
a the higher bofling hydrocarb0n faction tend 
fo form the major Portion Of he hyd0carbon 
product in the lower portions Of he foregòing 
brod temperatm:e range. Lower pressu2es tend 
to enhance the production of the gaseous 
docarbons. 
. The catalyst may comprise granular or pow- 
dered iron suitably arranged in heat transfer 
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contains any of the typical activators or pro- 
moters such as an oxide of an atkali metat, and 
in addition may contain an oxide of alkaline earth 
metals, zirconium, thorium, aluminum, and many 
5 others hitherto suggested. The catalyst may be 
in the supported or unsupported form as de- 
sired, although an unsupported type of catalyst 
is generally preferred. In the supported foïm, 
the catalyst may comprise iron, suitably ïeduced 
lo and conditioned, together with the promoter, car- 
ried upón silica gel, Filter Cel, diatomaceous 
èrth, or the like. 
If is particularly advantageous to employ the 
Ctalyst in fiuidized condition with the particles 
15 0f catalyst "aérated" or buoyed up, in the stream 
of upfl0wing reactants, in a state of random, 
vibratory motion conducive to good heat trans- 
fer, and temperature uniformity throughout the 
mass. The catalyst, in such case, is usually rela- 
0 tively fine, as for example, below 100 or 200 mesh 
in size, or any other appropriate particle size 
permitting maintenance of a fiuid phase by the 
reactant flow. 
Following this techrdque, and with conditions 
25 appropriate to hold the catatyst throughout the 
ïeaction zone L á uniform state of densè phase 
fluidization, it is possible to maintain any pre- 
determined temperature with insignificant varia- 
tion, throughout the reaction zone, and to secure 
30 adequate contact bètween the reactants and the 
catalyst for any desired rime. 
Thé otal feed gases supplied fo the reaction 
zone in carrying out the present invention may 
be derived from any suitable source. In typical 
:5 instances, the hydr0gen and carbon monoxide 
are derived as a result of ttoEe gasification of coal, 
coke, or other carbonace0us matter, or the partial 
combustion of hych-ocarbons, such as natural gas 
Or even liquid hydrocarbon materials. While 
carbon dioxide may likewise occur in such proc- 
esses, additional requirements can be met with 
extraneous carbon dioxide from any source. One 
convenient source is the socalled rail gas from 
the present process or simflar processes, which 
may be recovered and ïecycled in appropriate 
45 ratio with respect t0 the hych'ogen and carbon 
monoxide feed gases to meet the requlrements 
of the foregoing equation. If desirable, Or neces- 
sary, the rail gases may be conducted through 
any suitable gas recovery plant whereby a con- 
5o centrated carbon dioxide stream is ruade available 
for recycle. 
, stated above, it is. important in .handiing 
the recycle .stream as weil as the otloEer reactant 
streams, to. keep water vapor dt a low and prefer 
55 ably insgnificant Ievet. %hus, the tait gases may 
be recovered by passing the gasiform effluent 
product through a condenser end separator 
remove all oï the normally liquid constituens, 
With conden_sti0n and separation dtretapera- 
60 tures below 100 ° F. and a pressure of 250 pounds 
per square inch gauge, the water Vapor content 
wfll be reduced t0_un_inconsequential value, foi' 
example, about 036 mol per cent. Amaterial 
crease in the water concentration, above .1.0 per 
65 Cën, foi: exmple results, in an _increased ten_d- 
ency toward net carbon dioxide formation. The 
residual overhead gases îrom the separatimkstep 
Constitut the raff _gas stream referred to above 
which may be recycled either belote or after 
7o rem0val of undesired normally gaseous c0nstit- 
uents. 
It is usùally deibab! from the sandpoint of 

relationship to appropriate cooling surfaces g06d uNllzagibh Of avilable eqPment, to -iimit, 
adaped to hold the operating température af ï sò ïar s fèsiblë, thë proportion o othèr 
the desired value. The catalyst advantageously ......... bont-ituts ifi fle tb'tal fCd. 
" 76 gaseous 
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By way of êxarnple, feed gas contalning car- 
bon monoxide, hydrogen and carbon dioxide, and 
less than 0.1 per cent of water vapor, is heated to 
conversion temperature, and passed ata pressure 
of from 205 to 250 pounds per square inch gauge 
in contact with a fluidized iron catalyst of 60 to 
400 mesh size, promoted with small amounts of 
alkali and alumina, in a reaction zone maiï» 
tained at the temperatures shown in the follow- 
ing table. The table summarizes seven separate 
runs, showing the mol per cent of carbon mon- 
oxlde in the feed gases, and the relative propor- 
tions of hydrogen and carbon d2oxide to the car- 
bon monoxide. The table also shows the approxi- 
mate agreement of the calculated value of K, 
on the basis of the feed gas compositions and 
temperature, with the respective values of car- 
bon dioxide production or consumption, as the 
case may be. Moreover, It gives in each case 
the percentage yield of hydrocarbons havlng at 
least three carbon atoms, on the basis of the car- 
bon monoxide fed to the reactor. 

Examples 

CO mol percent in 
total feed gas 
passing to the 
reactor ............ 
A(H/CO) .......... 
G(C0/C0) ........ 
ïmP. °F .......... 
CO2 Production of 
Consumption as 
percent of total l 
CO charged ....... 
Yield C and higher 
hydrocarbons ba- 
sis percent of total 
C O charged ....... 

1 2 3 
11.3 16.8 14.7 
3.211 3.12 1.27 
2.27] 1.26 2.14 
643 045 03 
2.82 9.60 22.6 
3.78 11.9 21. 
73.1 59.3 40.] 

4 5 12 6.2 7 
31.7 5. 12.2 
1.86 3.8 3.05] 3.0.5 
0.29 5.04 2.121 2.12 
650 6t 5051 679 
30.07--13.61 11.79[ 3.39 
27.3 --11.1 12,4 2.97 
54.1 87.6 58.1 78.2 

Comparison of second example with the flrst 
shows that with a decrease in the ratio of car- 
bon d2oxide to carbon monoxide (G) in the feed 
gas, all other variables remaining essentially the 
saine, there is a materlal increase in the net pro- 
duction of carbon dioxide, The third example, 
contrasted with the flrst, shows that opera- 
tion with a lower ratio of hydrogen to carbon 
monoxide (A), such that K in the foregoing 
equation is outside the purview of the prescrit 
invention, the production of carbon dioxide is 
excessive, and the yield of C3 and higher hydro- 
carbons is low. The fourth example also shows 
excessive production of carbon dioxide and low 
yield of hydrocarbons, with low values of both 
A and G such that K ls substantially aboy_e 15. 
Actual consumption of carbon dioxide is shown 
in the flfth example. The sixth and seventh 
examples serve to compare the general effect of 
variation in the reaction temperature. 
It should be understood that the hydrocar- 
bon yield referred to in the foregoing table in- 
cludes small proportions of oxygenated hydro- 
carbons. 
From the foregoing, it is apparent that the 
prescrit invention provldes an effective means for 
suppressing the net production of carbon dioxide 
to low levels below 15 per cent and preferab!y 
below 10 per cent and, in the optimum preferred 
operation hereunder, hot greater than 5 per cent 
on the basis of the carbon monoxide consumed. 
This ls accomplished without adversely affect- 
ing the product distribution to any material ex- 
tent, and results in a correspon62ng overall 
crease in hydrocarbon production. It may, more- 
over, be accomplshed without reat regard te 
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the specific type of hydrocarbon product which 
it is desired to produce. 
In general, a change in the specific iron cata- 
lyst employed, the operating pressure, or the con- 
5 tact rime, within reasonable limits, will cause 
only minor variation in desired results. 
The invention may be applied fo operations 
wherein the feed gas is contacted with the cata 
lyst in either a single stage, or in a plurality of 
10 series stages, with or without lnterstage con- 
densation or removal of water vapor and/or hy- 
drocarbon porducts. In general, the intermediate 
removal of water vapor between stages is bene- 
flcial. 
15 Obvlously many modifications and variations 
of the invention as hereinbefore set forth may 
be ruade without departing from the spirit and 
scope thereof, and therefore only such limitations 
should be imposed as are inÇ2cated in the ap- 
20 pended claires. 
We claire: 
1. In the production of hydrocarbons, oxy- 
genated hydrocarbons and the like, wherein re- 
actant gas containing hydrogen, carbon mon- 
25 oxide and carbon dioxide is passed in contact 
with an iron synthesis catalyst in a reaction zone 
-- maintained under a temperature of from about 
500 fo about 750 ° F. and a superatmospheric 
pressure effective fo cause consumption of, at 
30 least, about 80% of the carbon monoxide supplied, 
with formation of desired products of reaction, 
and the products of reaction are recovered, the 
improvement wherein the total stream of re- 
actant gas supplied as a feed for passage in con- 
35 tact with the synthesis catalyst contains more 
than about 15 mol per cent of carbon monoxide 
and contains less than about 2 mol per cent 
water vapor based on the total mols of carbon - 
monoxide, hydrogen and carbon dioxide present 
40 and is in conformance with the following equa- 
tion: 
loge (K-I-50) =--O.1548A--O.lO75G 
--0.001512T-I-loge 279.8 
where: 
45 
K is less than 15; 
e is the naperian logarithmic base, 2.71828... ; 
A is equal to the ratio of the mols of hydrogen 
fo the mols of carbon monoxide in the feed gas 
50 to the reaction zone; 
G ls the ratio of the mols of carbon dioxide to the 
mols of carbon monoxide in the feed gas to the 
reaction zone; and 
T ls the absolute temperature of the sYnthesis 
55 reaction in degrees Kelvin; 
and separating products of reaction from the 
euent gases. 
. The method as deflned in claire 1 wherein 
the value of K is below about 10. 
60 3. The method as defined in claire 1 wherein 
the value of K is below about 5. 
4. The process according to claire 1, wherein 
the mixture of reactant gas supplied in contact 
with the catalyst contalns hot above 1.0 mol per- 
65 cent water vapor. 
5. The process according to claire 1, wherein 
the mixture of reactant gas supplied in contact 
with the catalyst contains water vapor in an 
7o amount hot greater than that correspon]ng to 
saturation ai 100 ° F. 
6. The method as deflned in claire 1 wherein 
the said gas contains hot more than about 6 
mol percent carbon monoxide based on the total 
7 content of carbon monoxide, hydrogen and . 
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bon dioxide and wherein tlie value of A is not 
less than about 2. 
7, The method aCcording to claire 1 wherein 
thë Value of A is n0t less than about 1. 
8. In the prodUction of tiydrocarbons, oxygen- 
ated hydrëCá.rbons aï%d the like, Wheréin 
actant gas cOntaining lydrogen, carbon monòx- 
idé and arbon dioxide is Passèd in contact with 
n ién synthesis catalyst in a reaction zone 
maintàined Under a temperature from about 500 
t0 aboint 750 ° F. and a suPeratmospheric pressure 
effective to cause c0nsumption of, at least, about 
80% Of the Carb0n monoxide supplied, with for= 
marron of desired products of reaction, and the 
productS of reaction re recovered, the improve- 
mmït which Comprises mintàining the carbon 
monoxide content of said reactant gas greater 
than about 15 mol percent, and maintaining 
ttié /ater vapor contnt of the mixture lower 
than 2 mol percent, based on the total mols of 
carbon monoxide, hydrogen and carbon dioxide 
present and the relative molar proportions oî hy- 
dr0gen carbof monoxide and carbon dioxidWin 
cdnformance with the foliowing equation 
ldge (K÷50)------0.1548A--0.1075G 
--0.001512T÷lg« 279.8 
#hérê: 
K is a negative number; 
e tS the naperian logarithmic base, 2.71828... ; 
A iS equal to the ratio of the mo!s of hydrogen te 
the mols of carbon monoxide in the feed gas te 
the reaction zone; 
 is the ratio of the mols of carbon dioxide te the 
mols of carbon monoxide in the feed gas te 
the reaction zone; and 
T is the absolute temperature of the synthesis re- 
action in degrees Kelvin; 
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and separating products of reaction from the 
effluent gases. 
9. The process according fo claire 8, wherein 
the mixture oï reactant gas supplied in contact 
with the catalyst ccntains nct above 1.0 mol 
percent water vapor. 
10. The prècess according fo claire 8, wherein 
the mixture of reactant gas supplied in contact 
with the catälyst contains water vapor in an 
amount hot greater than that Corresponding te 
saturation at 100 ° F. 
11. The method as defined in claire 8 wherein 
the said gas contains net more than about 26 
mol percent carbon monoxide based on the total 
content of carbon monoxide, hydrogen and car- 
bon dioxide and wherein the valie of A is hot less 
than about 2. 
12. The method accoïding te claire 8 wherein 
the value of A is net less than about 1. 
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